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ABSTRACT 


This  report  contains  detail  loads  and  stress  analyses  showing  that  the 
MAU-12A/A  Bomb  Ejector  Rack  is  adequate  for  external  carriage  of  stores 
on  US  Air  Force  aircraft.  It  was  determined  that  carrying  a  20-inch- 
diameter  store  on  the  30-inch  shackles  produces  the  largest  stress  in  the 
components  of  the  rack.  Therefore,  these  conditions  were  used  exclusively 
in  the  analysis. 

The  load  conditions  for  the  14-inch  shackles  were  investigated  to  ensure 
that  no  critical  local  stress  problems  are  produced.  Determination  of  the 
allowable  ultimate  vertical  load  for  these  shackles  is  included. 

Stress  analyses  are  presented  for  critical  conditions  of  each  component. 
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SUMMARY  OF  MINIMUM  MARGINS  OF  SAFETY 


Refer  to  Critical  Type  stress 


Part  _ 

section 

or  loading 

M.  S. 

Side  plate 

39 

Section  A-A 

Bending  and  tension 

+  0.05 

Swaybrace 

41 

Section  D-D 

Bending 

+  0.09 

Swaybrace 

42 

Section  E-E 

Bending 

+  0.  02(  Y ield) 

Swaybrace 

43 

Section  F-F 

Bending 

+  0.09(  Yield) 

Swaybrace 
(Cylinder  block) 

44 

Section  G-G 

Bending  and 
compression 

+  0.07 

Swaybrace 
(Cylinder  block) 

45 

Aircraft 

attachment 

Shear 

Bearing 

+  0.02 
+  0.  22 

Forward  30" 
shackle 

49 

Section  A-A 

Bending 

+  0.  13 

Forward  30" 
shackle 

53 

Section  D-D 

Bending,  tension 
and  shear 

+  0.  11 

Aft  30"  shackle 

54 

Section  A-A 

Bending 

+  0.  28 

Aft  30"  shackle 

55 

Section  B-B 

Bending 

+  0.  24 

Aft  30"  shackle 

57 

Section  D-D 

Bending,  tension 
and  shear 

+  0.  10 

Forward  link 
connector 

59 

Section  A-A 

Bearing 

+  1.89 

Forward  14" 
shackle 

61 

Section  B-B 

Shear  and  bending 

+  0.  10 

Forward  14" 
shackle 

62 

Section  C-C 

Bending  and 
compression 

+  0.  15 

Aft  14"  shackle 

65 

Section  3-B 

Bending 

+  0.40 

Aft  14"  shackle 

66 

Section  C-C 

Bending  and 
compression 

+  0.46 

Forward  actuating 
rod 

68 

Section  A-A 

Compression 

+  0.67 

Forward  actuating 
rod 

69 

Section  B-B 
( Connecting 
pin) 

Bending 

+  0.11 

Center  bellcrank 

71 

Section  A-A 

Bending  and  shear 

+  0.  23 

Center  bellcrank 

72 

Dug  analysis 

Shear 

+  0.  10 

Safety  lock 
bellcrank 

76 

Section  B-B 

Bending 

+  0.13 

Clevis  trunnion 

80 

Section  A-A 

Bending  and  shear 

+  0.85 

Aft  actuating  rod 

82 

Section  B-B 

Compression  and 

+  0.43 

bending 


vi 


SUMMARY  OF  MINIMUM  MARGINS  OF  SAFETY  (cont'd) 


Fart 

Refer  to 
pace 

Critical 

section 

Type  stress 
or  loading 

M.  S. 

Vertical  drag 
fitting 

85 

Side  plate 
fastener 

Shear 

4  0.01 

Vertical  drag 
fitting 

86 

Side  plate 
attachment 

Shear-out 

+  0.  10 

breech 

89 

Section  A-A 

Tension 

+  0.01* 

Slave  piston 

90 

Compression 

+  0.  32* 

Slave  piston  plug 

90 

Thread  area 

Shear 

+  1.84* 

Cartridge  body 
retainer 

91 

Section  B-B 

Tension 

+  0.  32* 

Cartridge  body 
retainer 

91 

"0"  ring 
groove 

Compression 

+  0.15* 

Cartridge  retainer 
cap 

92 

Thread  area 

Shear 

+  0.  52* 

Cartridge  retainer 
cap 

93 

Section  B-B 

Shear 

+  0.  32* 

Tee  gas  tube 

94 

Section  A-A 

Tension 

+  0.42* 

Tee  gas  tube 

95 

Section  C-C 

Tension 

+  0.06* 

Gas  tube 

95 

Tension 

+  0.14* 

Tee  gas  tube 

96 

Side  plate 

Shear 

+  0.06* 

attachment 


♦The  ultimate  factor  of  safety  is  2.  5  times  the  gas  pressure  limit  load  for  all 
Ballistic  System  components.  Ultimate  factor  of  safety  of  1 .  5  times  limit 
loads  is  used  for  all  other  components. 
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1.  INTRODUCTION 

This  report  presents  the  load  and  stress  analysis  of  the  MAU-12A/A  Bomb 
Ejector  Rack  in  accordance  with  the  requirements  listed  in  paragraph  3.  7  of 
M1L-A-8868.  Stress  analyses  are  presented  for  critical  conditions  of  each 
component. 

The  design  for  the  bomb  ejector  rack  was  determined  by  loading  conditions 
No.  2  and  No.  6,  shown  in  table  3,  which  produce  the  most  critical  local  loads 
in  the  structural  parts  of  the  bomb  rack. 

Unless  specifically  noted,  all  loads,  load  factors,  and  allowables  shown 
are  ultimate  values.*  Included  in  the  report  is  a  Summary  of  Minimum  Margins 
of  Safety  above  ultimate  values. 

Since  forces  and  moments  presented  refer  to  left-  hand,  wing-mounted 
store  installations,  all  loads  and  stress  analyses  in  this  report  also  pertain 
to  left-hand  assemblies  with  r  ight-  hand  values  opposite,  unless  otherwise 
specifically  noted. 

2.  STRUCTURAL  DESCRIPTION 

The  MAU-12A/A  Bomb  Ejector  Rack  has  been  designed  to  function  as  a 
structural  support  and  release  mechanism  for  external  carriage  of  stores  on 
US  Air  Force  aircraft.  The  rack  is  basically  a  ballistic-gas  actuated 
mechanism  which  is  enclosed  by  a  structural  body  composed  of  side  plates 
and  close-out  channels.  The  major  gas  system  components  (i.e.  ,  breech  and 
piston  blocks)  also  serve  as  primary  structural  members. 

Within  the  housing,  two  sets  of  shackles  are  provided;  one  set  on  30-inch 
spacing  and  the  other  on  14-inch  spacing.  The  30-inch  and  14-inch  shackles 
are  designed  so  the  drag  load  ( longitudinal)  applied  to  the  store  will  be  reacteo 
by  the  end  drag  fitting  or  the  provided  section  of  the  cylinder  block  respectively. 
The  30-inch  shackles  and  14-inch  shackles  are  connected  by  compression  links. 
From  the  shackles,  load  is  transmitted  through  the  compressing  links  to  a 
central  bellcrank.  The  link  loads  on  the  bellcrank  are  overcenter,  producing 
an  unbalanced  moment  on  the  bellcrank.  This  unbalanced  moment  is  reacted 

*The  ultimate  factor  of  safety  is  1.  5  times  the  limit  load  for  all  components 
except  those  in  the  gas  system.  The  ultimate  factor  of  safety  for  those  com¬ 
ponents  is  2.  5. 
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by  a  tension  link.  Under  normal  conditions,  a  down  load  on  the  shackles  tends 
to  keep  the  linkage  closed. 

A  breech  block  is  provided  which  holds  two  ARD  446-1  cartridges.  These 
cartridges  fire,  when  subjected  to  a  dc  potential  of  24  volts,  furnishing  a 
high-pressure  gas  source.  Each  cartridge  is  provided  with  a  separate  firing 
circuit.  Should  one  cartridge  fail  to  receive  firing  current,  the  other  cart¬ 
ridge  is  capable  of  igniting  it  sympathetically. 

From  the  breech,  the  high-pressure  gas  is  used  in  two  ways:  (a)  a  small 
slave  piston  is  actuated  which  contacts  a  striker  block  attached  to  the  main 
bellcrank;  this  piston  force  produces  sufficient  moment  to  overcome  the 
existing  closing  moment  due  to  the  link  loads,  thus  opening  the  linkage;  (b) 

The  main  portion  of  the  gas  is  piped  through  a  tee- shaped  tube  to  the  forward 
and  aft  cylinder  block  where  the  gas  is  then  utilized  to  drive  *he  ejection 
pistons  down  on  the  store.  After  the  pistons  have  extended  through  their  full 
stroke,  trapped,  high-pressure  gas  is  used  to  return  the  pistons  to  their 
normal  positions. 

The  rack  is  capable  of  varying  thrust  output  to  the  ejection  pistons  by 
orificing  the  gas  flow.  Orificing  is  accomplished  by  the  proper  positioning 
of  a  slide  containing  two  through-drilled  holes.  Two  slides  are  located  in  the 
gas  system,  one  each  between  tho  ends  of  the  tee  tube  and  the  cylinder  blocks. 
Through  the  use  of  these  orifices,  the  peak  thrust  may  t  varied. 

The  rack  design  also  includes  an  in-flight  lock  system  which  is  composed 
primarily  of  a  solenoid,  locking  pawl  (bellcrank),  and  three  rotary  switches. 
The  ^awl  is  spring-loaded  to  the  normally  closed  position  and  is  actuated  by 
an  electrical  impulse  delivered  to  the  solenoid. 

3  LOAD  ANALYSIS 

a.  Applied  loads  and  store  reactions 

The  loads  and  moments  in  table  1  which  are  used  in  this  analysis  are 
derived  from  data  presented  in  MIL-A-8591.  The  moments  and  forces  are 
reacted  at  the  30-inch  spacing  shackles  and  the  20-inch  spacing  swaybraces 
of  the  bomb  rack.  The  reactions  of  the  shackles  and  swaybraces  ar<»  based 
upon  the  method  of  load  distribution  shown  in  MIL-A-8591  except  for  the 
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reactions  caused  by  the  yawing  moment  distribution.  In  this  analysis,  60  per¬ 
cent  of  the  yawing  moment  applied  at  the  C.  G.  of  the  store  is  assumed  to  be 
reacted  by  a  couple  at  the  30-inch  shackles,  and  40  percent  of  the  yawing 
moment  is  reacted  by  the  swaybraces.  This  assumption  is  based  upon 
empirical  data  obtained  from  static  load  tests  conducted  at  the  Sandia  Corpora¬ 
tion,  Albuquerque,  New  Mexico.  Thirty-three  tests  conducted  on  the  MAU-1ZA/A 
Bomb  Rack  verifys  the  percentage  of  the  yawing  moment  reacted  by  the  sway- 
braces. 

b.  Aircraft  attachment  reactions 

The  calculated  loads  at  the  forward  and  aft  shackles  and  swaybraces 
of  the  bomb  rack  (table  1)  are  reacted  at  the  forward  and  aft  aircraft  attachment 
points.  Calculations  for  the  aircraft  attachment  reactions  are  based  upon  the 
following  assumptions: 

(1)  Vertical  and  lateral  reactions 

The  bomb  rack  is  assumed  equivalent  to  a  simply  supported  beam. 

(  2)  Longitudinal  reactions 

The  longitudinal  load  applied  in  the  aft  direction  is  assumed  to  be 
reacted  entirely  at  the  aft  aircraft  attachment  point,  and  when  applied  in  the 
forward  direction  is  assumed  to  be  reacted  entirely  at  the  forward  aircraft 
attachment  point. 

(  3)  Rolling  moment  reaction 

The  reacting  rolling  moments  are  due  to  the  side  loads  applied 
to  the  shackles  and  loads  applied  to  the  swaybraces.  Since  the  swaybrace  is 
an  integral  or  the  part  attached  to  the  aircraft,  the  forward  reacting  rolling 
moment  is  assumed  to  be  due  to  the  loads  applied  to  the  forward  shackle  and 
swaybrace.  The  same  assumption  is  used  lor  the  aft  reacting  rolling  moment. 

Sign  convention,  geometry,  and  general  equations  for  calculation  of 
aircraft  attachment  reactions  are  shown  in  figure  1  and  on  pages  9  and  10. 

Table  2  contains  actual  calculations  of  aircraft  attachment  reactions. 
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Figure  1.  Sign  convention  geometry  -  aircraft  attachment  reactions 
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Table  2 

CALCULATION  OF  AIRCRAFT  ATTACHMENT  REACTIONS  (  ULTIMATE) 
pplied  and  reacting  loads  are  r,hown  in  pounds.  Moments  are  shown  in  inch-pounds. 
TES:  1  For  constants,  reference  figure  1  and  general  equations,  pages  9  and  10 

2  For  loads  source,  reference  page  3 
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AIRCRAFT  ATTACHMENT  REACTIONS 


General  E quations  for  Reactions 


Vertical  Reactions 


Pfz(Z5H(p^P^  3.688)  +  (r4BR,P^BL)  cos  25°  (20)-P^t  5)-Rzf(  20>  =  0 
Rz  r125  t-flt0.i84(p^p“)t°.m(p'BR<i^BL  hz5P* 

P?  i5|-K*  P3(  3-  688|-P1(  5,+  (PSBR  +  PSBl)cos  «°  '  20>-Rza>  2°p  0 
RZa=  125  Pz-°-  184(Px+Px“)+0- ,06(PSBR  +  PSBl)-°-  25  PL 


Longitudinal  Reactions 

R  ,=  Pf 
xf  x 


R  =  P° 

xa  x 


Lateral  Reactions 

Pf(  25)+  20  sin  25°p'd-20  sin  25°P*  -P®(  5)-R  .(20)=  0 

y  SBR  SBii  y  yf 

V  •“  Pyt0-423  [PSBR-PSBL]-°-25P; 

P^  251+20  s‘n  25°PSBR-20  Si"  25°  PSBL-py  <5»  -Rya'2°l  -  0 
Rya=  1  ■  25  Py+  0'  423  [PSBR-PS°B1 J  25  Py 


(See  figure  1  for  dimensions  and  sign  convention) 
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Rolling  Moment  Reactions 

The  reacting  rolling  moments  are  due  to  the  sideloads  applied  to  the  30-inch 
shackles  and  the  swaybraces.  Since  the  swaybrace  is  an  integral  of  the  part 
attached  to  the  aircraft,  the  forward  reacting  rolling  moment  is  assumed  to  be 
due  to  the  loads  applied  to  the  forward  shackle  and  swaybrace.  The  same 
assumption  is  used  for  the  aft  reacting  roiling  moment. 

m'  +  p'<4.063>4''br-p'bi>.350)=0 
m'=-P^(4.063I.(p'br.p'bl)(6.350) 
mVP^4. 0631+ (p|br-P*bJu.  350)=  0 
M“=-Pj(4.063)-(P*BR-P*BL>6.350I 
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c .  Linkage  mechanism  reactions 

Loads  and  moments  calculated  for  the  linkage  mechanism  reactions 
are  the  vertical  and  side  loads  transmitted  from  the  shackles  to  the  central 
bellcrank.  The  longitudinal  (drag)  load  is  reacted  by  the  end  drag  fitting 
(reference  Structural  bescription,  page  1). 

Sign  conventions,  geometry,  and  general  equations  for  calculation  of 
the  linkage  mechanism  reactions  are  shown  in  figure  2  and  pages  13  through  24. 
Table  3  contains  actual  calculations  for  these  reactions. 
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Figure  2.  Linkage  mechanism  geometry 
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AFT  14  INCH  SHACKLE 
(DWG  63JI4363) 


X  TDR-64- 33 


DIMENSION  CALCULATIONS 
(Reference  page  13) 


1.187 

in  e  -  TWr 


9  =  tan*1  0.3063  =  17.04* 
0.060  „ 

ln  ?  =  TT5?T=  0,0565 


<p  =  sin-1  0.0565  =  3.  24° 


6  =  90  -  0  =  90  -  17.04 


6  =  72.96 

in  Y  =  °*0198 

Y  =  sin"1  0.0198  =  1 . 264° 
tn  a  *  =  1.090 


a  =  tan"1  1.090  =  47.48° 


P  =  a  +  0  -  y 
=  47.48  +  17.04  -  1. 26 
p  =  63.26° 


e  =  0  -  Y 

=  17.04  -  1.26  =  1  5.78° 

Distance  --  X  and  Y: 

0.781  , 

tan  u  “  6]  400  ■  ’  952 

u  =  tan"1  1.952  =  62.89 
0*  -  90  -  [  q>  +  e  ]  -  u 

=  90  -  [  3.  24  +  17.04  ]-  62.  89 
0'  =  6.  83° 

EN  =\/(0.781)2  +  (0.400)2  =  0.  878  in. 

sin  0'  =  —— 

EN 

Y  =  EN  sin  0'  =  (0.  878)(0.  1  18'*) 

Y  =  0.  104  in. 

tai:  01  =  —■ 

X  =  0.  1198  =  °’  868  ln* 
sin  ( cp  +  0  ) 

h  =  1. 062  (  sin  20.  28)  =  0.368  in. 
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_L  DISTANCE  TO  LINE  OF  ACTION  FROM  POINT  E 
EK  =  V(0.  750)^  +  (0.  875)2  =  1.1  53  in. 


Y  =  q>  +  0  =  3.24  +  17.04  =  20.28°  (Reference  page  14) 


♦  _  0-7  50  n  0C7 

tan  €  “  0. 875  '  °‘  857 

€  =  tan”  1  0. 857  =  40. 60° 

P  =  c  -  y  =  40. 60  -  20. 28  =  20. 32° 

_  a 
sin  p  =  ■ 

f;k 

a  =  (  1.  1  53)(  0 .  347)  =  0.400  in. 

cos  P  =  -~r 
F.K 

b  =  (  1.  153X0.  938)  =  1.082  in. 


c  =  2.  813  -  a  =  2.  81  3  -  0.400 
c  =  2 .  4  1  3  in. 

e  =  1 .625  -  b  =  1 .625  -  1 . 082 

e  =  0.  54  3 

,  0  .  54  3  n  -i  r 

tan  \  =  - — ttt  =  0.225 
2.413 

\  =  tan”1  0. 225  =  12.68° 


I 
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DISTANCE  TO  LINE  OF  ACTION  FROM  POINT  E 
(Reference  page  15) 


sin  a  = 


EK 


=  90  -  [  p  +  X  ]  =  90  -  [  20.  32  +  12.68] 


(Reference  page  15) 


a  =  90.00  -  33.00  =  57.00 


dj  =  EK  sin  57°  =  (  1.  153)(0.  838)  =  0.968  in. 


EH  87 5)2  +  (1.  187)2  =  4.05  in. 

d. 


sin  y  = 


EH 


Y  =  1. 264' 


(Reference  page  13) 
(Reference  pages  13  &  14) 


d£*  EH  sin  1.  264  a  (4.  05)( 0. 0198)  a  0.080  in. 


*  a  1-  084  n 
tan  0  =  r  An-.  —  0.  217 


5.007 


0  =  tan"1  0.  217  =  12. 24° 


<p'  =  0  -  O'  O'  =  6.83 
(Reference  page  14) 

<p'  =  12.  24  -  6.83 

=  5.41° 

— 

sin  9*  =  —  —  EN  =  0.878  in.  (Reference  page  14) 
EN 


d3  =  EN  sin  5.41  =  (0.  878)(0.  0943)  =  0.083  in. 
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FORWARD  30-INCH  SHACKLE  REACTIONS 
{Reference  Drawing  60D46528) 


Loads  and  reactions  shown 
in  positive  direction 


General  Equations  for  Reactions 


IMa=  0 


0.750  Pf-1.  750  R,., 
z  O' 


0.  750  pf  _ 
1.750  z 


IF 

z 

IF 

x 


+  R 


Ax 


0 


0 

0.428  Pf 
_ z 


R 


Ax 


-0.428  Pf 
_ z 


M  A  =  3.  125  Pf 
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FORWARD  14-INCH  SHACKLE  REACTION 
(Reference  Drawing  6  3J14363) 


Loads  and  reactions  shown 
in  positive  directions 


General  Equation  for  Reactions 

CH*  =V(  1. 375)Z  +  (1. 500)2 
=  2.  07  in. 

2f.C  =  tan’ 1  p-|~  =  tan'  1  1.090 

4 C  =  47.48° 

<p  =  90  -  [4C  +  0  ] 

=  90  -  [47.48  +  12.  24] 

<p  =  30.  28° 

d  =  CH'  cos  9  =  (  2.0  7X0.864) 
d  =  1.788  in. 
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IM  =  0  :  1.750  P~,  -  1.788  RUI  =  0 

c  G'  H1 


rh'  ^  T^fa  pc  -  0-q80p, 


zfz=  of 


.•.Rh, 

=  0. 

980 

=  R 

. ..  sin  9 

cz 

i-r 

=  0 

.  212 

RH' 

..  R 

=  0. 

212 

«]  ’  °- 


41^5  P 


=  0.0889  P 


IF  =  0  R  +  RUI  cos  6  -  P  ~ .  =  0 
x  cx  H'  G' 


R  =  P„,  -  0.  976  R„. 
cx  G'  H1 

=  P^,,  -  0.976  ^0.980  P^. ,J  (Reference  page  18) 

=  0.044  p£. ,  =  0.044  ^0.428  P^j  (Reference  page  17) 


=  0. 0188  P 
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AFT  30-INCH  SHACKLE  REACTIONS 
(Reference  Drt  jving  60D46  528) 


Loads  and  reactions  shown  in 
Positive  directions 
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AFT  14-INCH  SHACKLE  REACTIONS 
(Reference  Drawing  6  3  J  1 4  36  3 ) 


General  Equations  for  Reactions 

HD  =7(  1.  37  5) Z  +  (  1.500)2  =  2.  07  in. 
d 

cos  9  =  - 

HD 

HD  cos  26. 74°  =  d 


p  =  6  3.  26°  (  Refc  rence  page  14) 

9  =  90  -  p  =  90  -  6  3.  26  =  26. 74° 


d  =(2.07)(0. 894) 


IM 


D  ' 


0 


1 . 84 8  in . 


RHd  =  1.7  5  Vn 

RH  =  1 .  848  PG  =  0>  948 
.  428  F®J 


Rh  =  0.  948 


0 


(Reference  page  20) 


0.406  P3 
z 


21 


W  L  TDR-64-  33 


IF  r  of 

z  ' 

Rl)z  =  RH  sin  15l78°  =  0.2718  Rh 

=  0. 1103  Pa 
z 


R.  +  R.,  cos  15.  78° -P„  =  0 
Dx  H  O 

RDx  =  PG  '  (0*962)  Rh  =  PG  “  <°- 962H  0.948)  P 

.‘.RDx  =  0.090  PG=  0.090  |"o .  4 28  P*1  =  0.0386  P* 
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BELLCRANK  REACTIONS 
(Reference  Drawing  6  3J14362) 


General  Equations  (Reference  pages  15,  16,  21,  and  22  for  dimensions) 

'TV 

I  M_  =  0 
E 


(0.08  3)  Put  +  (0. 080)  P„  -  (0.  968)  R..  =  0 

H  M  K 


=  0.  0858  P  +  0.0827  PH 

=  0.0858  |0. 4195  Pf  1  +  0.  0827  [o.  406  Pa|  (  Reference 

^  L  7i  pagCS  1 9  and  21) 

=  0. 0  36  Pf  +  0.  0  336  PR 
z  z 


M 


=  Rk  sin  12. 6  8(  0.875)  (Reference  Drawing  63J14  36  2  for 

dimensions) 


Ex  ‘  K 


=  (0  87  5)(  0 .  2 1  q5) 


0.036  I  f  +  0. 0336  I,a 
z  z 


=  0. 006q2  I'f  +  0.00645  Pa 
z  z 
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ZF 


z 


ZF 


x 


Mr  =  Rv  cos  12.68  (0.875) 

Lz  K 

=  (0.  87  5)(  0.  975)  [<3.036  Pf  +  0. 0336  Pa 

z  z 

=  0.0307  Pf  +  0.02865  P® 

_ z _ z_ 

Rf  +  PH,  sin  12.24°  +  PR  sin  15.78°  -  RR  sin  12.68°  = 

REz  =  0.  2195  RK  -  0.  212  PH,  -  0.  27  2  PH 

P^,  =  0.4195  (Reference  page  19) 

=  0.406  Pa  (Reference  page  21) 

R„  =  0.036  P*  +  0.0336  Pa  (Reference  page  23) 

K  z  z  r  B 

REz=  0.2195  Jo .  036  P*  +  0.0336  Pa]  -  0.212  [o.4195  P* 
-  0.  272  Jo .  4 06  Pa] 

=  0.0079  Pf  +  0.00738  Pa  -  0.  1105  Pa  -  0.0889  Pl 

Z  Z  Z  Z 

=  -0.081  pf  -  0.  103  Pa 
_ z _ z 

R^  ^  +  P^j,  cos  12.  24  -  Ppj  cos  15.  78  +  R^  cos  12.68  =  0 

Rr  =  -0.  976  P„.  +  0.  9625  Pu  -  0.  975  R 

Ex  H'  H  K 

=  -0.976  [o.4195  P^j  +  0.9625  [o.406  Pa] 

-0.975  To. 036  Pf  +  0.0336  Pa 

z  z 

=  -0.410  Pf  +  0.  3904  Pa  -  0.0351  Pf  -  0.0328  Pa 

z  z  z  z 

=  -0.4451  Pf  +  0.  3576  Pa 
z  z 
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9.  Moments  are  shown  in  inch-pounds, 
jations,  reference  pages  17  through  24 
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4.  .STRUCTURAL  STRESS  ANALYSIS 

1  he  stress  analysis  for  the  M AU- 1  2A/A  Bomb  L  jector  Rack  is  presented 
in  three  sections:  (a)  body  analysis  (side  plates  and  swaybraces);  (  b)  linkage 
mechanism  and  drag  fitting  analysis;  and  (c)  ballistic  gas  system  analysis. 

'1  he  body  analysis  is  based  upon  the  loads  and  moments  produced  by  load 
condition  No.  6  (  reference  tables  2  and  3)  shown  in  figure  7.  The  components 
of  these  loads,  in  a  vertical  and  horizontal  plane,  are  shown  in  figure  8  with 
the  shear  and  moment  diagrams  presented  in  figures  9  and  10. 

Loads  and  moments  produced  by  load  condition  No.  2  (reference  tables  2 
and  3)  presented  in  figures  3,  4,  5,  and  6  are  for  comparative  purposes  only. 

The  analysis  of  each  component  or  assembly  of  the  bomb  rack  was  made 
using  conservative  methods  as  much  as  possible.  However,  the  plastic 
bending  methods  were  used  in  computing  the  ultimate  bending  allowability  of 
the  side  plates  and  swaybraces.  Static  load  tests  to  ultimate  conditions  2,  4, 

5,  and  6  have  verified  the  accuracy  of  these  methods. 
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a.  Body,  ynftly  jig 

APPLIED  LOADS  AND  AIRCRAFT  REACTIONS 


Figure  3.  Static  balance  of  ruck  for  load  condition  No.  2 

(Reference  table  2) 

(1)  All  loads  and  reactions  are  shown  in  proper  direction 

(2)  Left-hand  rule  coordinates 
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UP 


F  igure  4.  Body  loads  for  load  condition  No.  Z 


Z  9 


MOMENT -IN -LBS  XIO  SHEAR -LBS.  XIO 
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0% 


40 

30 

20 

10 

0 

-10 

-20 

-30 


4*35,782  lb* 


SHEAR  DIAGRAM 

5  10  15  20  25 

I-  I . 

-27291b*. 


-24,6511b*. 


Figure  5.  Shear  and  moment  diagrams  ( vertical  plane) 

Load  condition  No.  2 
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Figure  6.  Shear  and  moment  diagrams  (horizontal  plane) 
Load  condition  No.  2 
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*5340  Ibt. 


Pz  *30,833  lb*. 


'  P'  *34,200  lbs. 
SBL  *  - 


13.54 


Figure  7.  Static  balance  of  rack  for  load  condition  No.  6 
(Reference  table  2) 

(1)  All  loads  and  reactions  are  shown  in  proper  direction 

(2)  Left-hand  rule  coordinates 
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30,985  lbs. 

SIDE  VIEW  “ 


Figure  8  .  Body  loads  for  load  condition  No.  6 
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m  -40 


-ISO 


-ISO 


-too 


- 143,120 j 


-240 


-228,720  Iwlbi. 


Figure  9.  Shear  and  moment  diagrams  (vertical  plane) 

Load  condition  No.  6 


•NOTE:  The  unbalanced  moment  (considering  vertical  loads)  is  balanced  by 
the  3,  000  lbs  drag  force  ( applied  to  the  aft  drag  fitting)  acting  aft 
on  a  3.688  in.  moment  arm. 
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MOMENT  — IN- 


i 

10 


9940  lb*. 


19 


20 


-93401b*. 


2 

2b 


30 


Figure  10.  Shear  and  moment  diagrams  (horizontal  plane) 

Load  condition  No.  6 
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SIDE  PLATE  REACTION  CALCULATION 
(Reference  Drawings  60H46534  and  60H46535  for  dimensions) 


Right-hand  Side  Plate 

ZMa  =  0:  [-9789+430-595+6598  ](0.  938)-(  9356 )(  4 .  25)  + (  1  700)(  3.  7 5) 

-(  107)(6.  1 9)-( 47 5)(  2.  876)+  3830(  1. 25)- 3631(9.  0)+  2033(  16.  25) 

+  (28932)(  24.  25)  +  (  1  500)(  3. 688)- 20Rf  „  =  0 

zR 


-3144-39800  +  6  375-662-136  5+478  5-32680+  33000+  702500+  5530=  6  74  539 

674539  ,,,,,  „  t 

- a  33727  lbs.  | 


4 


+  X  IF  =  0:  28932-33727+  2033-3631-107+  1700-R“+ 9356=  0 

Z  ZK 


R  _  =  4556  lbs 
zR 


4 


Left-hand  Side  Plate 

& 

IMa  =  0:  [6598-595+430-9789](0.938)-(21476)(4.  25)+  1700(3.  75)-482(6.  19) 

-(  2 1 4 2 )(  2.  876)+  5504(  1 . 25)- 3253(  9.  0)  +  (  20  33)(  16.  25) 

+  16812(24.25'+  1  500(  3.  688)- 20Rf  .  =0 

zL 

(2°)R1l  =  -3144-91100+6375-2980-6160+6875-29240+  33000+407500+  5530=  326656 
RL=  *^§5^  =  16  333  lbs  4 

+  |  IFz  =  0:  16812-16333+  2033-3253-482+  1700-R®L+  21476=  0 

R“l  =  21953  lb..f 
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SIDE  PLATE,  BENDING  AND  TENSION  SECTION  A- A 


Side  Plate  Material 

7075-T6  aluminum  plate 
Allowables  (reference  MIL-HNDBK-5) 
F  =  77000  psi 


F.  *  67000  psi 
ty 

F>u  s  46000  psi 


Section  Properties 

,  (0.245H5)3,.,  ,  ,,  ,  4 

Sr-y  - - TT - t2)=  5' 11  ln- 


A  tot  =  (5K0.245H2)r  2.45  in. 


I  =  Ad' 
z-z 


(2. 45X1  500-0. 122) 


=  4,65  in. 


3.00 

Z 


Y  5.00 


-60H46534 


60 H 465 35 


Section  A-A  (STA.  2.813) 
(Reference  page  33) 


Right-hand  Side  Plate  Critical  for  Differential  Bending 
(Loads  shown  on  pages  33  and  36) 


y-y(side  plate) 


z-z(  total) 


by-y 


=  28932(2.  813)+  9789(0.  062)=  81900  in. -lbs. 

=  5340(2.813)=  15000  in. -lbs.;  I  = 

Mycz  (81900K2.50) 

=  I  =  - 17& - 

y 


=  2.  55 


s  80300  psi  ( right-hand  side  plate) 
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M  c 


z  (  1500)11.  5) 


r  -  y  z  _  i 1 5Ui 
bz-z  “  1  4. 


*  4840  psi 


total)  2.45 
2  =  2 


=  1. 225  in. 


,  P  9789  _QQf. 

=T  =  rz25  =  7990  p,i 


Bending  Modulus  of  Rupture 


F.  =  1.5F,  =  1.5  (67000)=  100500  psi 
br  tv  r 


„  80300  ,rto 
Rby  -!TOW  0  798 


Rbi  =  100500  '  0  048 


( Bend  and  tension  M.S.  = 


0. 798+  0. 048+  0. 104 


-1  =  +0.05 


R.=  moo '  °-104 

a  -  ifHf-  23800  psi 


(Shear)  M.S.  =  - 1  a  +0.95 
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SWAYBRACE  ANAL /SIS 

Bending  and  Shear  Condition  No.  6  (Reference  figure  7) 


60H46534 


60H46535 


Mat'l  60H46522 
4340  Stl  forging 
H.T.  180-200  ksi 


PSBL=  34200  lb,> 


SECTION  8 -B 
(REF.  PAGE  33) 


60H46S22 


OF  RACK 
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Material  4  340  Stl  forging 

H.T.  180-200  ksi 

F.  =  180000  pai 
tu  r 

F.  =  163000  psi 
ty  ^ 

F  =  109000  psi 
su  r 

P  =  34200  lbs. 
s 

(Reference  page  40) 

Thread  Pitch  diameter  =  0.745  in. 


A 

s 


f 

s 


tc  (P.  D.  )(L/2)  Section  C-C 

?  (Reference  page  40) 

3.14(0.745)(0.5/2)=  0.  585  in. 


34200 
0. 585  ' 


58500  psi 


M  .  S. 


109000 
58500  -1 


+  0.  86 


Section  D-D 
Bending  and  Shear 


P  =  34200  lbs. 
s 


M  =  34200  (  1.0)=  34200  in. -lbs. 
x 

I  =  0.091  in.4 
x 

A  =  1.62  in.  2 
s 

,  Me  (34200X0.44) 

d  =  1  0.091 


f^  =  165000  psi 


34200 
1.62  = 


21100  psi 


Section  D-D 
(Reference  page  40) 

(  Bending)  M  .  S.  =  f65000  -1  =  + 0-  0q 


( Shear)  M  .  S. 


10^000 
21100  -1  = 


+  4.  16 
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Section  E-E 


Rending  and  Shear 


Ps  34  200 


Moment  arm 


lbs.  I 

i  *  2.  05  in. 

4 


(Reference 
*  page  40) 


Mx  =  34200(2.05)=  70000  in. -lbs.  x 


Ag  =  1 . 83  in. 


Q  =  0.  252  in. 


I  =  0.  1596  in. 
x-x 


0.  1596 


j  -IS  UNF-38  THD 


Section  E  -E 
(Reference  page  40) 


fb  =  241000  psi 


Bending  Modulus  of  Rupture 


F„  =  f  +  Kf 
B  m  o 


„  2Q  .  (2K0. 252)(0.55)  .  «  ... 

K  'T/c*1  '  - 0596 - °'74 


FB  =  fty  +  °’  74  fty  =  1-74(163000)=  284000  psi 

/70000\  (Q  55)  (Bend,  Ult)  M.S. 

1,5  '  =  160000  psi  (yield) 


*b(  yield)* 


f.  ■  w  "  18700  p“ 


F  =  109000  psi 
su  r 


(Bend,  Yield)M.S.  = 


( Shear)  M.S.  = 


284000  , 

m~m  -1 : 

163000  , 
160060 

109000 
18700  ** 


=  +0.  18 


=  +0.02 


=  +4.83 
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Section  F-F 


2  88 


Dending  and  Shear 


P  =  34Z00  lbs, 
s 


M  =  34  200(3.35) 
x 


=  114500  in.  -lbs, 


A  =  3.  173  in.  2 
s 

Q  =  0. 470  in.  3 


I  =  0.  320  in. 

x-x 

,  _  M_c_ _  (  1  14500K  0.  625) 

b  =  I  0.  320 


Section  F-F 
(Reference  page  40) 


f^  =  224000  psi 


Bending  Modulus  of  Rupture 


F  n  =  f  +  Kf 
B  m  o 

„  2Q  .  (2)(0. 470X0.625)  .  „  _ 

K  *  rj?'1  = - ro~T2i —  •’ =  °-835 


F „  =  f  +  0.835  f  =  1 . 835  (  163000)  =  299000  psi 
B  ty  ty  r 


,  224000  , 

fb(yield)=~rT'=  149300  psl 


,  s  34200  ,  noon 

f  =  -t—  =  — — =  10800  psi 
s  A  3.  173  r 

s 


I  rj  ,  ..  c  299000 

(Bend,  Lit)  M.S.  -  Z24000-l 


in  j  v.  ,jh,  r  163000  , 

(Bend,  Yield)M.S.  =  J^QO  -  1  = 


+  0.  33 


+  0.09 


ir-v  V  w  ^  109000  , 

(Shear)  M.S.  =  -^55-  -1 


=  +9.10 
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Section  G-G 


Oending  and  Compression 
Ps  =  34200  lbs. 

(Reference  page  40) 

Mx  =  (34200M6.125) 

=  209400  in.  -lbs. 

Compression  Load 

P  =  P  cos  25° 

M 

=  34200(0.906)=  31000  lbs. 
Shear  Load 

Py  »  P#  sin  25°  =  34200  (0.4225) 
=  14450  lbs. 

I  =  0.855  in.4 


X 


Section  G-G 
(Reference  page  40) 


A  =  2.034  in.  2 


fligij  1-375  ,  0 .25 


D/ 


t 


1. 375 

6.25  " 


,, 


Bending  Modulus  of  Rupture 
P BR  =  ^70000  psi  (  reference  MIL  -  HNDBK- 


,  _  Mc_  (209400X0.938) 

fb  ~  T“  =  - 0*5 - 


D  228400 
Rb  =  “270000  = 


0.847 


228400  psi  ( ult) 


,  _  Pi  31000 

c  -034 


1 5200  psi  ( ult) 


R 

c 


15200 
179000  = 


0.085 


(Ult)  M.S. 


r  [0.  847  t  0.  085]”1 


+  0.  07 
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AIRCRAFT  ATTACHMENT  CONDITION  NO.  6 


Maximum  Reaction  Load 
(Reference  page  40) 

R  ( 34 20 OH  6. 35)  34200  cos  25° 

'  ( 2.  5M  2)  4 

R  =  43400  +  7750 

R  =  51150  lbs.  (ult) 


Bearing  and  Shear-out  Analysis 


A  =  2(0.520X0.46  2)  =  0.481  in.  2 
Abr  =  (0.753X0.462)  =  0.  348  in.  2 


f 

s 


R  SI  1 50 

T~=  0.481  " 
s 


106500  psi 


R  51150 
Abr  0348 


147000  psi 


e/ 


1  / 


1.0 


ust  F. 

hr 


180000  psi 


F  =  109000  psi 

i,U  r 


(R«»l  r ?nce  M 1L-HNDBK- 5) 


(  Shear)  M  .  S. 


109000 
106  500  *  1 


4  0.  02 


(  Bearing)  M  .  S. 


180000 
147000  *  1 


+  0.  22 
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b.  l^inkut  mtshiaUm  and  drag  lining  aaaixali 

Loads  applied  at  the  30- inch  shackles  have  been  resolved  into  the 
reaction  loads  and  moments  in  planes  of  the  linkage  mechanism  shown  in 
table  3. 

The  individual  parts  of  the  linkage  mechanism  are  analyzed  according 
to  the  applicable  combined  stresses  of  shear,  bending,  compression,  and 
tension  of  the  critical  local  loads  produced  by  load  conditions  No.  2  and  No.  6. 
Also,  the  end  fitting  and  attachment  analysis  based  upon  load  condition  No.  8 
is  included  in  this  section. 
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SIGN  CONVENTION 


\VL  TDR-64-33 


Bending  and  Shear  at  Section  A-A 

M  =  Pf  (0. 35) 
x  z 


=  45744  (0.35)=  16000  in. -lbs .  (IJlt) 
Me 

7  lie 

ITTOT 


,  y  (  16000)10.45)  ,  ,,CA„  . 

fbx  =  =  — Tnrerr - =  127500  Psi 


M  =  Pf  (0.  35) 

y  y 


=  J  (0.  35)  =  1870  in.  -lbs.  (  Ult) 
,  1¥‘yCx  (  1870X0.465) 

V  =  nr-  =  nrron —  =  14400  psl 

y 


f.4  ,  =  f,  +  f.  =  1 27 500  +  14400  =  141900  psi 

btotal  bx  by  r 


160000  , 
M  S'  °  141900  -1 


Ps.o«.l  =^Py  +  P l  =7(5340)^  ♦  (45744)" 


=  46000  lbs. 


A  =  (0.  90 )(  0 .  93)  =  0.837  in. 
s 


,  46000  CFnnn 

(S  =  TTW=  55000  P51 


M.  S. 


100000 
55000  " 


+  0.13 


+  0.  82 
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Bending  and  Shear  at  Section  B-B 

R(  ,  =  19578  lbs  (Reference  page  48) 


Section  B-B  (Reference  page  49) 


A  =  -J-D2  =  0.785 (0.436)2  =  0.149  in.  2 


I  =  ^-D4  =  g*.(0.436)4  =  0.001755  in.4 
M  =  -~'L  =  12|Z®  (o.  136)  =  1330  in. -lbs. 


G1  19578  .  . 

f.  =1T  =X0A49)  =  65600  P*1 


lot  k  „  100000  . 

(Shear)  M.S.  =  65600  -1 


,  Me  1330(0.218) 

'b  =  "T~=  6.  661755  =  165000  psi 


Bending  Modulus  of  Rupture 


fb  = 


26SOOO  pel  (Reference  MIL-HDBK-5) 


r  26  5000  , 

M-s-  =  14566&-1 


+  0.  52 


+  0.60 
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SIDE  PLATE  ATTACHMENT  REACTIONS 

SECTION  C-C 


Left-hand  Side  Plate 


ra  = 
Az 

ra* 

MAx 

2 

2.  75 

r 

45744 

2 

16688 
•  TT7T 

- 

16812 

lbs.  (Ult) 

dl 

RAx 

-19578 

R Ax  ■ 

2 

- 5 - 

w 

Right-hand  Side 

Plate 

dr 

ra. 

TT 

X 

< 

2 

RAz  = 

2  + 

mr 

r 

22872 

+  6060  = 

dl 

RAx 

-19578 

R .  = 
Ax 

2 

T~  = 

M  aximum 

Load 

1 —  *  T77T 


9789  lbs. 


R  =V(Ra  zf  +  (RAx)2  = 


R  =  30500  lbs.  ( Ult) 


A  =  ^D2  =  0.  785  (0. 874 ) 2  =  0.  596  in  2 
c-c  4 


,  P  30500 

fs  =x=  oTsr’  51200  psl 


(  Shear)  M  .  S. 


100000 
51200  " 1  = 


+  0.  % 
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Combined  Bending,  Tension  and  Shear,  Section  D-D 
(Reference  page  48  for  applied  loads  and  reactions) 


m 


T 

•X  1.04 

I _ i. 


ELEM 
NO.  A 


1. 340 


X 

AX 

AX2 

1 

o 

0.675 

0.  364 

0.  246 

0.082 

0. 605 

0.157 

0.095 

0.003 

0.675 

0.  364 

0.  246 

0.082 

0.  885 

0.  587 

0.  167 

X«  4M 


x  =  off =  0,659  in' 


I  =  0*  587  +  0*  167  =  0*  754 

I  ,  ,  =  0.  754  -  1. 340(0. 659)2  *  0.  172  in.4 

(1.35H1.84)3  (1.  10H1.04)3  „  4 

- n - n - -  0,597  ln- 


Mx-x  =  Py  (2.4 50 )  =  (5340H2.450)  =  13080  in. -lbs. 

M  ,  ,  =  Pf  (0.90)  -  R_  (1.075)  =  45744  (0.90)  -  19578  (  1.075) 

y  —  y  z  u 


=  20150  in.  -lbs. 


M  c 
x  i 


bx-x 


( 1 3080)(  0.  92) 


=  20140  psi 


x 

M  c 


t.  ’  -!2-i  = 

by-y  lyT 


X  (20150H  0.691)  . 

-  =  — OtI -  81000  p,i 


ft  =  7T  =  T7W=  34100  p,i 
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T or sion  Shear 

x  =  Pf  (0.90)  =  5340  (0.90)  --  4800  in. 

y 

f  = - H - 

s  at2  +  2bt2 

_ (  3)( 4800) _ 

(  1. 08)(0.  25)2  +  2(  1.  35X0.38)2 


(  3)( 4800) 
6.4565 


32200  psi 


tmax 


f.  ♦  fK  ♦  K 
bx-x  by-y  t 


=  20140  i  81000  +  34100 


R 

t 

R 

s 


1 35 240  psi 


135240 

160000 


=  0.844 


32200 

100000 


=  0. 322 


M.S.  = 


1 


“  In 


(  0. 844  ) c  +  (0.  322)' 


l/< 
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-1  =  +  0. 1 1 
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AFT  30-INCH  SHACKLE  ANALYSIS 
(Reference  Drawing  60D46528) 

Shear  and  Bending  Analysis 

Reference  pages  20  and  48  for  shackle  sketch  and  page  25  for  applied 
loads  and  reactions. 

Loading  Condition  No.  2 


P  =  35782  lbs. 
z 


P  =  9036  lbs, 

y 


Rg  =  15315  lbs. 


RBx  =  ~15315  lbs 


RBz  =  35782  lb8- 


Mn  =  28238  lbs. 
Bx 


(Ult) 


Section  A-A  (Reference  page  48  for  sketch  and  properties) 

A  =  0.  837  in.  2;  c  =0. 45  in.  ;  I  =  0. 0564  in.  * 

y  x 


1  =  0.0603  in.  ;  c  =  0.465  in. 
y  x 


M  =  P  (0.  35)  =  (35782X0.  35)  =  1  2500  in. -lbs , 
x  z 


M  =  P°  (0.  35)  =  (9036X0.  35)  =  3160  in. -lbs. 

y  y 


f 


(  12500X0.45)  .  (3160X0.465) 
" +  0.0603 


btotal  0. 0564 


f,  .  ,  ,  =  99700  +  24600  =  124  300  psi 
btotal  r 


M.S.  = 


160000 

124300 


1  =  +  0.  28 
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P  =  /pZ  +  PZ  =  /(  9036 >2  +  (  35782)2 

smax  v  y  z  V 


P  =  36900  lbs. 

smax 


f  P  36900 
s  ‘  ~K  =  0  8  37 


44 100  psi 


( Shear)  M . S. 


100000  , 
44100  '  1 


Shear  and  Bending,  Section  B-B 
(Reference  pages  48  and  50  for  sketch  and  properties) 


A  =  0.  149  in. 1 


I 

M 

f 

s 


=  0.001755  in.4 

RG  15315 
'  2A  '2(0.  149)  " 


.  136)  =  1042  in.  -lbs. 


51400  psi 


Shear  (  ult)  M  .  S. 


100000  , 
51400  '  1  ' 


f 


b 


(  1042)(  0 .  218) 

OTJT7  5s  = 


1 29400  psi 


Bending  M  .  S . 


160000  , 
1  2<M00  "  1 


1 .  27 


+  0.  95 


4  0.  24 
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Section  C-C  (Reference  pages  48  and  51  for  sketch  and  properties) 
Side  Plate  Attachment  Reactions 

Left-hand  Side  Plate 

L  J^_Bz  M  Bx 
Bz  =  2  ‘  2.75 


35782  28238 

'  2.  75 


=  17891  -  10270 


=  7o21  lbs.  (Ult) 


R^x  =  — =  *7658  lbs.  (Ult) 


Right-hand  Side  Plate 


R 


Bz 


Bz  MBx 
2  2.75 


+  T7T=  17891  *  10270 


R„  =  28161  lbs.  (Ult) 
Bz 


,R 


R, 


R*'  =  — .7658  lbs.  (Ult) 

Bx  2  2 


Maximum  Load 


R  =  MFKY  (7658)' 


=  29150  lbs.  (Ult) 


.  *  0.596  in.  (Reference  page  51) 

f.  =  48900  P*i(u“> 


I,,,. I  100000  .  .  . 

Shear  (Ult)  M.  S.  =  "^qqqq  -  1  =  +  1-  04 
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Combined  Bending,  Tension  and  Shear,  Section  D-D 
(Reference  pages  48  and  52  for  section  sketch  and  properties) 


1  =  0.  191  in.  4;  1  =  0.  597  in.  4 ;  A  =  1 .  340  in.  2 

y-y  x-x 


M  =  P  (2.450)=  9036  (2.45)=  22100  in. -lbs. 
x-x  y 


=  35782  (0.  90)  -  15315  (  1. 075)  =  1  5700  in. -lbs .  (  Ult) 


M  c 


x  (  15700X0.691)  r/twwl 

“  =  - OTI -  =  56800  psl 


^4 

xy  (  22100X0.921  . . , 

- r -X=  — 05? —  =  34100  PS1 

X 


z  35782  ,._nn 

A  "  1.  310  "  26700  psl 


Torque:  t  =  P  (0.  90)  =  9036  (0. 90)  =  8120  in. -lbs, 

y 


,  3(8120)  c..cn 

storque  ”(0.4565)*  psl 


♦Reference  page  53 


K  =  fu  +  +  L  =  34100  +  56800  +  26700  =  117600  psi 

tmax  bx  by  t  r 


R  -  11?600  n  7,C 

Rt  ”  160000  ”  °* 735 


534  50 

Rs  "100000  °* 535 


M.  S.  = 


r  2  z\ 

[(0.735)4  +  ( 0.  535; 


-1  =  +0.  10 
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FORWARD  LINK  CONNECTING  ANALYSIS 
(Reference  Drawing  60C46  530) 


p.' 


Y 


I 


SECTION  A-A 


StI  material  4340  forging 
H.T.  160-180  ksi 
PG,  =  19578  lba.  (Ult) 

(Reference  pages  25  and  47) 


A  =  0.295  (0.690)  =  0.  203  in. 

I  =  =  (0'6°0n0'  295)3  -  0.00147  in.4 

y-y  J2  12 


P  -JUI  =/0  (,0147/0.203  *  °'085  in' 


L'  =  — —  = 


3.88 


=  1. 94  in. 


1.94 


L'/p  =  CT5s  =  22,8 


.'.Fc=  160000  psi  (crippling) 
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Stress  Allowable. 


F.  =  160000  psi 
tu  r 


F.  =  140000  psi 
ty  * 


Fbru  =  219000  P8i 
Fbry  =  189000  Psi 


y  (Reference  M1L-HDBK- 5) 


Applied  load  P^,,  (Ult)  =  19578  lbs.  (Total)  (Reference  page  58) 
Compression,  Section  A-A 

Load  =  -^-  =  ^|7-  =  9789  lbs. 

Area  =  0.295  (0.690)=  0.203  in.2 


fc=X  =  ra=  48200  psi 


(Ult)  M.S.  = 


160000  ,  _  .  , 
48200  "  1  ”  t.  2‘  32 


Bearing  Stress 


A.  a  (  Dia.  )( Thick) 
bru 


=  (0.438H0.  2q5)  =  0.  129  in.  2 


PG'  19578 

bru  ~2X7~  =  d0. 1  29) 
br 


75800  psi 


(Ult)  M.S. 


219000  , 

75800  ’  1 


+  1.  89 
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FORWARD  14-INCH  SHACKLE  ANALYSIS 
(Reference  Drawing  63J14363) 


Material  -  4340  Stl  forging 

H.T.  ~  180-200  ksi  SECTION  A-A 


Stress  Allowables 
Reference  MIL-HNDBK- 5) 

F.  =  180000  psi 
tu 

F  =  163000  psi 
ty  K 

F  =  179000  psi 
cy 

Fbru  =  350000  Psi 

F  =  109000  psi 
su  r 


Condition  No.  6 
Ult  loads  and 
reactions,  ref. 
pages  25  and  47 
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Shear  and  Bending,  Section  13-13 


Section  13-  B 
(Reference  page  60) 

A  =  4dZ  =  0.  785 (0.4 36 )2  =  0.149  in.  2  P_,  =  19  578  lbs. 

4  C  j 


,  PG'  19578 

fsu  =  U~  =  2(6.  U«i  ;  65700  PS1 


(Reference  page  60) 


IT1.  .  , ,  r  109000  ,  _  ,, 

Ult  shear  M.S.  =  —  1  =  +  0.66 


65700 


1  =  =  A(0.436)4  =  0.001765  in/' 

64  64 

P 

1  C.l  I  OC7fl 

M  =  -p-  L  =  — 0.  1  36)  =  1  330  in.  -  lbs. 


,  Me  (  1330X0.  218)  ,,  .  ,  tTW* 

(b  =  T  =  6.001765  =  164000  PS1  1  UU! 


iyi  ,  j.  ,,  c  180000  .  n  .  _ 

Ult  bending  M .  S.  =  i^'^qqq  -  1  =  +0.10 

Determination  for  the  Ult  Vertical  Load  P  (Reference  page  60) 

F.  =  180000  psi 
tu  1 


Me  6M 


6M 


tu  ”  T 


bh2  (0.  562X  0.  73°)2 


=  1 9 .  5M 


,,  180000 

M  73  — p — p  -  9  240  in. -lbs. 


M  =  P  L  =  P  (0. 30)  =  9240 

7  7 


9  ?40 

P  =  30800  lbs.  (  Ult)  Allowable 


0.  30 


— ►!  562  |« — 


r,  30800(0. 68)  ,  ,  „„„  tl  ,  Kl  A  .  1V 
Rjj,  =  - j — -  =  1P00  lbs.  (Not  critical) 


Sect  ion  D- D 


6  1 
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Bending  and  Compression,  Section  C-C 

PG' 

Applied  load,  =  -j-  =  9789  lbs.  (Ult) 

(Reference  page  60) 

Moment  arm,  L  =  0.  350  in. 

(Reference  page  60) 


bh3  (0.  800)(0.450)3 


y-y 


T r 


IT 


I  =  0.006  in. 

y-y 


A  =  bh  =  (0.  80M0.4  5)  =  0.  360  in. 

D 

l  Q7flQ 

fc=T=iS=  27200  p.KUltl 


Section  C-( 

(Reference  i  age  60, 
effective  area) 


M  =  Rj  L  =  9789(0.  35)  =  3420  in.  -lbs.  (Ult) 


=  <3420H0.22SL  128000  p,i  (Ult) 


f  =  f  t  f. 

cmax  c  b 


=  27200  +  128000 
=  155200  psi  (Ult) 


M.  S. 


179000 

=  155200  _1  = 


450 

T 

.800 

1 


assumed 
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WL  TDR- 64-33 


Lug  and  Pin  Analysis;  Bearing 


14"  SHACKLE 
(REF.  DWG.  63JI4363) 

Loading  Condition  No.  6 

Axial  load,  RH,  =  19190  lbs  (  Ult) 

(Reference  page  60) 

Bearing  Area 

^shkr  (  l-  83‘0'  7  5)(  0. 406  Z) 

=  0. 439  in.  2 

A(rod)=  (0*  720X0.4062) 

-  ~(0.  31  2) 2 

=  0.  29 2  -  0. 076 
=  0. 216  in. 2 


623  DIA 

«—  312  DIA  MOLE 


FWD  SHACKLE  ACTUATING 
ROD  (REF  DWG  63CI4370) 
MAT‘L.  :4I30  STEEL  ROD 


4062  DIA.  HOLE 


R  s  19,190  lbs 

r>  H  - 

}■* - 


SECTION  A -A 


540 

PIN  -LINKAGE 
(REF.  DWG  63CI4303) 
MATL  4130  STEEL  BAR 
H  T.  160-180  ksi 


fbH»hkr  IT  =  0^  =  4  3700  psi  l  Ul«) 


R 


f 


br<  rod)  “  A 


—  =  =  88800  psi  (Ult) 


ROD 


tu 


ty 


bru 


160000  psi 
140000  psi 
2 1 q000  psi 


(  Refe rence 
page  60) 


Ult  bearing  M.S.  =  ^  -  1  =  +  1..47 


Shear  Stress 

A  .  =  0 .  7 8 S  D 2  =  0. 785  (0. 404)2  - '0.  128  in.  2 

pin 

Allowable  shear  load  =  160000  ( 0.  1  28)(  2)(  0. 7)  =  28700  lbs. 

Ult  shear  M.  S.  =  ^90  -  1  =  i  °-  49 


W  L  1  DR-64-  33 


AFT  LINK  CONNECTING  ANALYSIS 
(Reference  Drawing  60C46530) 

Compression  and  Bearing  Analysis 

Reference  page  58  for  sketch  of  aft  connecting  link  and  page  59  for  stress 
allowables. 


Condition  No.  2 

Applied  load,  R„  =  15315  lbs.  (Ult)  (Reference  pages  25  and  47) 


G  15315  . 

fc  =  2A~  =  ao.'zoj)  =  3780°  psi 


I  I T I »  V  KA  C  160000  ,  x 

(  Ult  comp)  M  .  S.  =  ■  -  1  =  +  3.  23 


A^^^  =  0.  129  in.  (Reference  page  59) 

R. 


f 


G  15315  _  CQ.nn  j 

bru  ~  2A  "  2  (0.  129)  "  59400  psi 
bru 


Bearing  M .  S. 


219000 
59400  " 


+  2.69 
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WL  TDR-64-  33 


AFT  14-INCH  SHACKLE  ANALYSIS 
(Reference  Drawing  6  3  J 1 4  36  2 ) 


Reference  pages  21  and  60  for  shackle  sketch  and  page  25  for  applied  loads 
and  reactions. 


Loading  Condition  No.  2 


P-  =  15315  lbs. 

Li 

Rh  =  14527  lbs. 

R..  =  1381  lbs. 

Dx 

Rr,  =  3947  lbs. 
Dz 


(Ult) 


Shear  and  Bending,  Section  B-B 
(Reference  pages  60  and  61  for  sketch  and  properties) 


A 

I 

M 


0.  149  in.  2 
0. 001765  in.4 

(Pc/2)(0.  136) 


c  =  0.  218  in. 


(  15315K0.  136) 
2 


j  Reference  page 
1 04  2  in. -  lbs . 


61 


f 

s 


PG  15315 
2A  ~  2(0.  149)  ' 


51400  psi 


Shear  M  .  S. 


10^000 
51400  _1  = 


1.12 


f 


b 


Me  (  1 0 4 2 )(  0 .  218) 
I  =  0.001765 


128800  psi 


„  ,.  ,  x  .  ^  180000  ,  „ 

Bending  (  Ult)  M  .  S.  =  -  1  =  +0-40 
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\VL  TDR-64-  33 


Bending  and  Compression,  Section  C-C 
(Reference  pages  60  and  62  for  sketch  and  properties) 


Applied  load,  R  =  —  =  15?15  =  7658  lbs.  (Ult) 

^  L 


(Reference  page  65) 


I 

y-y 

A 

f 

c 

M 


0.  006  in.4,  c  =  0.  225  in. 

0.  360  in.  Moment  arm,  L  =  0.  350  in. 

TT  =  (Till =  21300  Psi(ultl 

Rj  L=  7658  (0.350)  =  2680  in. -lbs. 

Me  =  (2680X^225)  =  100800  psi  ( Ult) 


Reference  page  62) 


f  =  f,  +f 
cmax  b  c 

=  100800  +  21300 
-  122100  psi 


M  .  S. 


179000 
122100  ~l  = 


+  0.46 
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WL  TDR-64-  33 


Lug  and  Pin  Analysis;  Bearing 


Loading  condition  No.  2 

Axial  load 


Rh  =  14527  lbs.  (  Ult) 


(  Reference  page  25) 
Bearing  Area 


A(  shk)=  <  1-  83-0. 75)10.4062) 


=  0.439  in. 


A(  rod)  =  (0,  720>(0-  4062>  r 


=  0.  292  in. 


720 


*-540 
SECTION  A-A 


PIN-LINKAGE 


(REF  DWG.63CI4303) 
MAT’L.  4130  STEEL  BAR 
HT  160-180  A s i 


R 


f 


H  14527 


bri  shk)~  A  ‘  0.  439 
R. 


=  33100  psi 


,  H  14527  mnnn 

'br(rod)  =  —  =  5^91=  4,800  PS1 


Ult  bearing  M  .  S.  =  4 n°  °  °  -  1  =  +3.40 


49800 


Shear  allowable 

I*  =  28700  lbs.  (Reference  page  63) 

(Pin)uit  shear  M.S. 


^IflO  .1  :t0°7 
14527  1 


6  7 


WL  TDR-64- 33 


FORWARD  SHACKLE  ACTUATING  ROD  ANALYSIS 


(Reference  Drawing  63C14370) 

Compression  Stress 

Condition  No.  6;  =  19190  lbs.  (Ult)  (Reference  pages  25  and  47) 


H.  T. 


160-180  ksi 


A  =  4*  [Dq2  '  °i2]  =  °-785  [(0.625)2  -  (0.  312)2j 


=  0. 230  in. 


£dq4  -  D.4j  =  0.049i  [(0.625)4  -  (0.  312)4j 

I  =  0.00717  in.4 
L 


i  =  JL 
64 


L,  =  ±._  ldJL0=  5.110 


SECTION  A-A 


1 


a/I  ,/QED  .  o  177  in 

V  A  V  0.230 


y  _  m .  ?R  o 

p  "  0. 177  "  28’ 8 


F  =  156000 
c 


156000(28.8)' 

4*2129)106 


fc  1  S*  ,JW°Psi 


=  1  38500  psi  (  Allowable) 

M  s  1 39599  i  _  +q  ^ 7 
*  83400  1  '  ‘ 
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WL  TDR-64-  33 


Lug  and  Pin  Analysis 


M 


W 


1  '  12 


JL  =  UqP0K0,?78j  =  9Z5  in>_lbS( 


SECTION  0-0 


12 


_JL.  n4  _  -JL(0 .404)4  =  0.001  3  in.4 


*P1N  "  *64  D  64 


fb  = 


M-C  _  [  92S)(  0.  204)  _  143500  psi  (  U It ) 
I  "  0.0013  r 


Pin  bending  M  .  S.  =  { 4  350O  _1  =  f  °‘  1 1 


Shear  stress 

Allowable  1  =  28700  lbs.  (  Rcfe  rence  page  6  3) 

s 


M .  S . 


28700 

19P0 


+  0.4^ 


69 


WL  TDR-64-  33 


CENTER  BELLCRANK  ANALYSIS 
(Reference  Drawing  6  3J14362) 


Material  4130  Stl  forging 

H.T.  160-180000  psi 

Allowables 

F  =  160000  psi  ' 

F  =  100000  psi  ►  ( Reference  MIL-HNDBK- 5) 

su 

F^ru  =  287000  psi 
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WL  TDR-64-33 


Bending  and  Shear  Check  at  Section  A-A 
(Reference  page  70) 


Section  A-A 


Left-hand  Reaction 


R 


REz  6884 


ilz 


=  344 2  lbs .  (  Down) 


RLx  ,  MKz  9335  2287  ,,Q.  ..  .  _ 

RLx  2  +  2.  254  ~  2  +  2.  254  =  5683  lbs*  X f  or\vard) 


M  = 


r  2  z\x!1 

[(3442)  +  (  5683)  J  (1.07  -  0.120) 

(6640X0.95)  =  6300  in. -lbs.  (Ult) 

6~4  [Uo4-Di4]  =  i^[<0  81)4-(0.  375r*]  = 


0.020  in. 


A  =  ~  j^DoZ-D.2J  r:  JL  po.  8 1 ) 2-(  0 .  37 5) z J  =  0.405  in.  2 
,  Me  (6300X0.405) 

fb  =  =  - 020 -  =  127600  PS1 


_  12.600  _  -  797 
Rb  "  160000  "  °'  7 


,  P  6640 

fs  OFs  =  16400  psl 


p  16400  _  n  ... 
Rs  "  100000  '  °*  164 


M.  S.  = 


(0. 


797P  +  (0.  164) 


f 


/2 


1  =  +  0.  23 
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WL  TDR-64-  33 


Safety  Pin  Hole 


(Due  to  pinned  shut  firing) 


p  =  70000  psi  (burst  pressure) 


A  .  .  „  0.  785(0.  327)2  =  0.084  in.2 

slavepiston 


L  j  =  1 . 06  2  in.  ;  L  ^  =  0.875  in. 


M  -  dA  L 
E  *  1 


=  70000  (0.084X  1.062) 


3  6250  in.  -lbs. 


r,  M  6250  , v 

R  '075"  7140  lbs- 


406  OIA. 


Shear-out  Check 


A  =  2L,t  =  2(0.170X0.23)=  0.078  in. 
s  3 


£  '^OT^  91 500  psi 
s 


Fg  =  100000  psi  (Reference  page  70) 


M.  S.  = 


100000 

91500 


-1  =  +0.10 
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WL  T DR-64  - 33 


Bearing  at  Point  H1 
(Reference  page  70) 

A,  =  0.  375  (0.406)  =  0. 152  in. 1 
bru 

Pj_j,  =  19190  lbs.  (Ult)  (Reference  page  70) 

,  P  19190 

fbru  =  X  ‘  0.  15?.  =  126000  Psl 

in.  v  km  c  *287000  ,  ,  q 

Ult  bearing  M  .  S.  =  ^  2^066  "  =  *  1 '  28 


Bearing  at  Point  H 
(Reference  page  70) 


A.  =  (0.  156)(0. 406)(  2)  =  0.  128  in.  2 
bru 


P^j  =  12518  lbs.  (Reference  page  70) 


,  P  _  12518 

‘bru  ~  X  ~  0.128 


98000  psi 


(  Bear  ing)  M  .  S. 


*287000 
q8000  _1 


+  1. 93 


*Ult  allowables,  reference  page  70 
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WL  TDR-64- 33 


Tension  at  Point  "K";  =  2683  ibs.  (Ult)  (Reference  page  70) 

lug  Check  ( Analysis  per  Reference  3) 


W  0.  560 
D  =  0. 257  = 


2.  18 


} 


0.  97 


Abr  =  (0.  257)(0.  230)  =  0.059  in.  2 


D 

t 


0.  257 
0. 230  ' 


1.12] 


a  0.  280 
D  =  0. 257  = 


1.09  J 


K.  =  0.975 

br 


At  =  (0.  560-0.  257 )(  0.  230)  =  0.  0697  in.  2 


Shear- Bearing  Allowable 


Tension  Allowable 


K.  K  F* 
br  br  tu 


=  (0.975X0.  059)(  160000) 
=  9200  lbs. 


K,  A«F 


tu 


=  0.97(0.0697X  160000) 
=  10800  lbs. 


M.  S. 


9200 

2683  " 


+  2.42 
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WL  TDR-64-33 


SAFETY  LOCK  BELLCRANK  ANALYSIS 
(Reference  Drawing  60C46541) 


P 

o 


M, 


1.0 


=  6250  in. -lbs.  (Due  to  inadvertent  firing,  reference  page  72) 


A 

. i 

Ur* 


n 


PT 


3i?  dia  hole  Through 


498  OlA  (TVPI 


3T3 


Material  4  130  Stl  forging 

H.  T.  160-  180000  psi 


Compression  Check  at  Section  A-A 

P  =T"n  =  Vn°  =  6250  lbs-  (uit) 
o  1.0  1.0 

A  =  (0.  37 5) Z  =  0.  141  in.  2 
c 

fc  ^uT=  44300  psi 


M.  S. 


160000 
44300  "l 


+  2.62 


Shear  Check  at  0.498  diameter  shoulder 

p 

p  .  —2.  .  =  3125  lbs .  (Uit) 

s  2  2 

As  =  0.785  [(  0. 498 )  Z-(  0 .  312)2]  =  0.1185  in. 2 

fs  =  ^uf?=  26400  psi  M.S.  =  “-1  =  +2.60 
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WL  TDR-64-  33 


Bending  and  Shear  Analysis,  Section  B-B 
P 

M  = 


=  4270  in. -lbs 


(6250K  1.  365) 


=  &h4-Di4] 


n 

5? 


[(0.685)4  -  (0.  312)4] 


=  0.0103  in. 

As  ■  T  [Do2  -  Di2] 

[(0. 


=  0.  785  |(0. 685) 2  -  (0.  312)Z] 


=  0.  293  in. 


Section  B-B 


Me  (4270H0.  3425) 
b “  i  "  0.0103 


142000  psi 


i 

8 


M.  S. 


160000  , 
142000  ' 1  = 


+  0.13 


(6250) 
2(0.  293) 


10700  psi 


M.  S. 


95000 
10700  " 


+  7.  87 
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V.  L  TDR-64-33 

OVER-CENTER  GUIDE  CLEVIS  ANALYSIS 
(Reference  Drawing  60C46538) 


Loading  condition  No.  6 
Ult  tension  load 

PK  =  2683  lbs. 

(Reference  pages  25  and  47) 


Material  4130  Stl  bar 
H.  T.  125000  psi 

Stress  Allowables 

Ftu  =  1 25000  psi  ] 


F  =  1 03000  psi  .  . 

ty  r  ( Reference 


F  =  82000  psi 

su  r 


=  1 q4000  psi 


MIL-HNDBK-5) 


JL  - 


D2  =  0.  785  (0.  25) 2  =  0. 04q  in.  2 


K  2683  rinnn 

~:049  :  54800  Psl 


M  S  -  *»P°°  i  -  +  i  28 
'  "  54800  "  1  "  1  • 28 
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WL  TDR-64-33 


Lug  and  Pin  Analysis  (Analysis  per  Reference  3  ) 


2683  lbs 
2  K 


V 


0.624 
6.  250 


=  2.49 


}  K.  *  °- 


M  k- 


0.250  -  2  60 

ITW  2*60 


0.312  ,  ,r 

1TI5G-  125 


K,  =1.10 
br 


Afer  =  (0.  250)(  0 . 094)  =  0.0235  in.  2 


A  =  (0. 624-0.  25)(0. 094) 


Shear- Rearing  Allowable 


P*  =  K,  A.  F 
br  br  br  tu 


=  (1.  1X0.0235X  125000) 


=  3230  lbs 


Tension  Allowable 


p;=  Kt\Ftu 


=  (0.95X0. 03511(125000) 


=  4160  lbs. 


Applied  load  =  =  1  342  lbs, 


=  0.0351  in. 


Ult  M.  S.  =  -1  =  +1.40 

1 342  , 
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WL  TDR-64-  33 


Bending  and  Shear  Analysis 
Maximum  bending  moment 


M  =  R.  (0.495) 
x  L 


=  2196  (0.495)  =  1088  in.  -lbs, 


Maximum  shear  load 


Rl  =  2196  lbs . 


1  =  0.003  in.4 

x 


A  =  0.  100  in. 
s 


Section  A-A 
(Reference  page  79) 


I  =  Me  =  U088H0.ZU.L  79000  p<1 


fs '  "a~  *  rrra  “  21,60  psi 


F  =  160000  psi 
tu  r 


F  =  100000  psi 
su 


79000 

b  160000  3 


n  -  j  1 £  -  o  2196 

RS  "  looooo  _  °-  21  6 


M.  S.  = 


K2  *  rs2] 


1/2 


[(0.493)2  +  (0.  220)  2 


1/2 


-1  =  +0.  85 
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WL  T DR-64-33 


AFT  SHACKLE  ACTUATING  ROD  ANALYSIS 
(Reference  Drawing  63C14371) 


Compression  Stress 

Condition  No.  2  R^  =  14527  lbs.  (Reference  page  25) 


Material  4130  Stl  bar 

H.  T.  160-180  ksi 

A  llowable  s 


Ft  =  160000  psi 
tu 

F  =  100000  psi  " 
su  r 

F,  =  287000  psi 
bru  r 


(  Reference 


L  =  3,  000  in .  ;  c  =  1 


MIL-HNDBK-  5) 

A  r  f  D2  =  0.  785(0.  5) 2  =  0.  196  in.  2 

4 

I  =  0.  00306  in.  4 


L' 


L  3.00 

Sc  S\ 


3.  00  in. 


L /  3. 00 
p  =  0.  125 


24. 00; 


c(  allow)" 


P 


O0J06. 
0.  196 


p  =  0.125  in. 


156000 


u  156000(  24 ) 2 
.  4 (tt  2)(  29)  1 06  . 


PH  14527 
c  =  A  "  0.  196 


F^  =  14  1000  psi 

74200  psi  M.S.  =  V^OO"  ~  1  =  +0.^0 
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WL  T DR-64- "53 


Compression  and  Bending 


=  14527  lbs.  (Ult)  (Reference  page  81) 


A  =  (0  .  2  50)(  0. 6  2  5)  =  0.  156  in.  L 

I  =  -rr  =  (0-6Z?l(  --■23)-3=  0.000834  in.4 
y-y  12  12 


M  =  (0.06)  =  11HZ  (0.06) 

y  i  * 


M  s  436  in.«lbs.  (Ult) 

y 


,  Me  (436)10.125) 
fb  =  “1“  =  "OTOT 


v 


Section  B-B 


=  65500  psi 


,  Rh  14527 
c  "  TK~  2. (0.1  56)  = 


46600  psi 


f  =  f  +  f, 
cmax  c  b 

=  46600  +  65500 

=  112100  psi 


M.  S. 


160000 
112100  = 


+  0.43 


82 
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Lug  and  Pin  Analysis,  Bearing  and  Shear 

Loading  condition  No.  2 

Axial  load,  =  14527  lbs.  (Ult) 
(Reference  page  25) 


Bearing  area 


Arod  =  (  1.00  -  0. 718X0.406) 
=  0. 1145  in.  2 


Abell  =(0.688  -  0.375X0.406) 

=  0. 127  in.  2 

fbru  =  '  'iOTO'  "  1^000  p.i  (  Rod) 

f,  = — r~=  1 1  4 300  psi  (  Bellcrank) 

bru  A  0.127  r 

=  287000  psi  (Reference  page  81) 


M.  S. 


287000 
127000  = 


4  1.  26 


Allowable  Shear  Load  per  Pir. 


P ^  =  28700  lbs.  (Reference  page  63) 

M  .  S. 


28700 
14  527  _I 


+  0.  97 
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WL  TDR-64- 33 


VERTICAL  DRAG-FITTING  ANALYSIS 
(Reference  Drawing  63D14369) 

Condition  No.  8 

Applied  drag  load  R^  =  15000  lbs.  (Ult)  (Reference  page  7) 


M  =  Rf  (0.46) 

X- X  X 


=  15000(0.46)  =  6900  in. -lbs.  (Ult) 


_14JU2£SL_  •  59000  psi 

bh  [l.  SOHO.  531) 


Dending  M .  S. 


160000 

59000 


-1  =  1.71 
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V.  L  TOR-64- 33 


Side  Plate  Attachments 
F astene r  Check 


_L_ 

16 


diameter  bolt  (  Reference  Drawing  62B1  3022) 


Material  4130  Stl  bar 
H.  T.  160-180000  psi 

Ult  shear  allowable  F  =  7300  lbs. 

s 

(  Reference  MIL-HNDBK-5) 


R 

cx  n  3 


R 


-My 


Mx  ‘  _  2  _  2 

l  x  +  I  y 


R 


M  x 


My 


r  2  v  2 
lx  +  I  y 


R  ,  .  =  +  R.„  )Z  +  R  Z 

total  ■ 


cx 


Mx' 


A  Rv 


BOLT  PATTERN 


P  =  1  5000  lbs.  (Ult)  (Reference  page  84) 
M  =  1  5000  (  1.373)  =  20600  in. -lbs. 


E  LEM 

x 

y 

2 

x 

2 

y 

Mx 

My 

R 

cx 

Rm 

M  x 

1 

0.  375 

-0. 373 

0.  140 

0.139 

7725 

-7675 

5000 

+  7400 

+  7440 

2 

-0. 188 

-0. 373 

0.035 

0.  139 

-  3870 

-7675 

5000 

+  7400 

-  3730 

3 

-0. 188 

0.  742 

-  3870 

1  5300 

5000 

-  14750 

-  3730 

I 

0.  210 

0.  828 

E  LEM 

(R  +  Rv„  Y 

\  cx  M x J 

7 

Rm 

M  y 

R 

total 

rl.  h. 

rr.  h. 

1 

1 54xl06 

55. OxlO6 

14480  lbs. 

7240 

7240 

2 

HBWB 

12^80  lbs. 

6490 

64^0 

3 

1 0440  lbs. 

5220 

5220 

(Bolt)  M.  S.  =  -1  =  +0.01 
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V  L  TDR- 64-33 


Side  Plate  Attachment 


Minimum  shear-out  area 

A  =  2(0.  317X0.  245)  =  0.  1553  in.  2 

s 

P_  =  6490  los.  (Reference  page  85) 


ls-ir-  o6^§-3  =  41700  ps‘ 

s 


Reference  60H46534  and  60H46535 

Material:  7075-T6  A1  aly  plate 

F  =  77000  psi  1 
I  *U 

F  =  67000  psi  (Reference 


F  =  46000  psi 
su  r 

F,  =  146000  psi 
bru  r 


MIL-HNDBK-5) 


(Shear)  M.  S.  =  =  +0.10 


Abr  =  (0-  316K0.  245-0.  06)  =  0.  0585  in. 
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c .  Ballistic  gas  system  analysis 

The  analysis  of  each  component  or  assembly  of  the  ballistic  gas 
system  is  based  upon  the  70,000-psi  burst  pressure.  This  pressure  includes 
the  ultimate  factor  of  safety  of  2.  5.  The  analysis  of  each  component  was 
made  using  conservative  methods.  The  sketch  of  the  ballistic  gas  system 
assembly  is  shown  in  figure  12. 
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Thread  analysis 
(Reference  page  90) 
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SLAVE  PISTON  ANALYSIS 
(Reference  Drawing  64C13032) 

p  =  70000  psi  (burst)  Material  17-4  ph  ores  bar 

H.  T.  180-21 5  ksi 


Compression 

P  =  pA  =  70000  (0.  785K0.  389) 2  =  8300  lbs. 

A'  =  (0.  785K0.  280) 2  =  0.061  in.2  F  =  J  80000  psi 
c  cy 

A"  =  (0. 785X0.  310)2  =  0. 07  5  in.  2 
c 


fc=  A  =  fo6l=  136000  p5i 


M.  S. 


180000 
136000  ‘ 


+  0.  32 


SLAVE  PISTON  PLUG  ANALYSIS 
(Reference  Drawing  64D13082) 


Thread  shear  check  Material  17-4  ph  cres  bar 

P=  70000  (0.  785)(0.  6 10)2  =  20500  lbs.  H.  T.  180-215  k.si 

Length  of  engaged  thread  =  0.405  in. 

Pitch  diameter*  0.745  in. 

Ag  =  n  (P.D.)  j=  (3.  14K0.  745)  =  °‘47-  in- 2 


p .  jom.  _ 

s  A  -  0.475  “ 


43200  psi 


Fg  =  123000  psi 


M.  S. 


123000 
"  43200 


+  1. 84 


90 


WL  TDR-64-  33 


C/RTRIDGE  B(  XTAINLR  ANALYSIS 
(Reference  Drawing  63D14368) 

Maximum  pressure  p  =  70000  psi  (burst)* 

*I3reech  burst  pressure 


F  =  156000  psi 
c 


M.  S. 


1  56000 
1  36000  "  1 


f  0.  1  5 
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CARTRIDGE  RETAINER  CAP  ANALYSIS 
(Reference  Drawing  6  3D14378) 
p  =  70000  psi  (  burst) 

(Maximum  breech  burst  pressure) 


Section  A-A 

Material  4130  Stl  bar 

T~j  71  r\  M 

4  P  H.T.  160-180000  psi 

D  =  O.D.  of  cartridge  body  retainer  (Reference  page  91) 

P  =  0.  785  (  1.  303)2  (70000)  =  93300  lbs.  (  Ult) 

Length  of  engaged  thread  =  0.625  in. 

Pitch  diameter  =  1.45  in. 


Shear  check  at  1  1/2-12UNF-3A  thread 


A  =  n  (P.  D.  )  ^  =  (  3.  1 4 )( 1 
s  2 


.45((<L±iL)= 


,  P  93300  ,  r,„„ 

fs  =X  =  TTTT  =  6570''  ps' 


F  =  100000  psi 
s  r 


M  .  S. 


100000 

65700 


+  0.  52 
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Shear  check  at  1.  250  diameter,  Section  B-B 


P  -  93300  lbs.  (Ult) 
O  «  1.250  in. 


O  «  1.250  in. 

L  *  (0.700-0.386)  *  0.314  in. 


( Reference  page  92) 


A  «  kDL  «  (3.14H1.  25H0.  314)  ■  1.23  in. 

V 


fg  1727*“  75800  Psi 


F  «  100000  psi 


c  100000  . 

M’S‘  a  75866  *  *0,  32 
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Section  C-C 


0.534  +  0.343 


«  0.219  in. 


t  3  2^534  -  0.  343  g  q.  0905  in. 

C-C  L 


,  R  70000(0.219)  _  f  ^  a  a  a  a 

ft  =  PT*  "~"P:0?(T5 —  x  170000  pgi 


180000  psi 


(Section  C-C)  M.S.  «  }vqo5§  ~1  a  +  °-06 


Gee  tube,  hoop  tension  check 
(Reference  Drawing  6 3D  1437 5) 


^  * 


1  -V  <L 


D  0.687  ♦  0.438  A  ,ai 
R  *  ■  —  I— ■  0.  281  in. 


t  >  °.:A17  *  o.  1245  in. 


_K  70000(0.281)  ,  ronnn 

P  a  P t  a  0. lz4S  *  158000  psi 


F  a  180000  psi 


M  c  180000  .  n  . 
M,S*  =  158000  -1  *  °‘ 14 
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Gat  “Ibbe  Ttt  Attachment 


(sioe  rlatei 


>2Si 


rss 


.979  OIA. 
HOLE 


Burst  pressure  *  70000  psi 


Load,  P  «  pA  *  70000(0. 785M0.  534)' 


*  15400  lbs. 


Ry  *  P  *  15600  lbs. 


n  ,  Flo,  531)  .  1560010,5311, 

KH*  3.569  *  3.569 


43HI436I 

(BREECH) 


*  2340  lbs. 

Side  Plate  and  Tee  Attachment 

Side  plate  7075-T6;  0.  250  thick 

Bolt  NAS  1206  (0.  375  diameter)  C'S'K' 

Ult  allowable  attachment  s  8280  lbs. /bolt  (Reference  MIL-HNDBK-5) 
Applied  load  per  bolt  ■  *  7800  lbs. 


M  S-  *  7800  *  i0,06 


WL  TDR-64-33 


Shear -out  check  at  0.  375  diameter  attachment  holes  (view  C-C) 


Applied  load  per  bolt  *  7800  lbs  (Reference  page  96) 
Shear  area  A#  «  2(0.  306M0.  241)  *  0.  1475  in.  2 


R  7800 

r  8  orre* 


52800  psi 


F  *  109000  psi 


M.S. 


109000 
52800  ~l  * 


1.06 


Allowable  shear  per  bolt 

Fs(bolt)s  (0500  lbs.  (single)  (Reference  M1L-HNDBK- 5) 


Shear  (bolt)  M.S. 


M 


10500  , 
7800  * 


+  0.35 


Gas  tube  in  shear  at  breech 


A§*  0.785  [( 0.  534)2-(0.  343)2]  *  0.131  in.  2 
P#  *  *  2340  lbs.  (Reference  page  96) 

17900  pai 


F  =  109000  psi 
s  r 


M.S. 


109000  . 

imir  -1 


5. 10 
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